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CHAPTER 6
Conservation of Soil under Cassava Cultivation
General Considerations
Cassava is a hardy crop, able to endure long dry periods 
and adapt to a wide range of soils and climates. It is 
planted in soils with textures that range from sandy 
through loamy to clayey. It is grown at altitudes between 
sea level and 1700 m, but prefers temperatures that 
average 24 °C and a relative humidity of about 72%.
Table 6-1 outlines the principal chemical and 
physical characteristics of the soils where cassava is 
planted in Colombia. As can be observed, a high 
percentage of these soils, which occupy a large area of 
our national territory (Figure 6-1), presents low contents 
of N, P, K, Ca, Mg, S, B, and Zn, thus constituting 
limitations for the crop’s development and growth. 
Chapter 5 of this volume describes the critical levels of 
soil parameters established for cassava.
Normally, this crop is planted in flat areas or in 
regions where slopes are less than 15%. However, 
because of population pressure on land to produce 
food, hillsides are being brought under cassava 
cultivation, thus changing their potential use. 
According to Cadavid L (1987, 1988, 1990, 1997) and 
Howeler and Cadavid L (1984), results have been 
disheartening in that deforestation has increased and, 
therefore, so have soil loss to erosion (whether hydric 
or anthropic erosion), and soil nutrient loss to both 
runoff and high extraction by the crop (chemical 
erosion). 
In recent decades, soil erosion has increased 
alarmingly, because of misuse of this resource. Such 
degradation of soils (both physical and chemical, 
especially in hillsides) produced by humans has caused 
widespread poverty among rural inhabitants and, 
consequently, given rise to mass migration towards 
large cities, which, in turn, has created more belts of 
extreme poverty (Cadavid L 1990). 
Colombia has 114,179,000 hectares, of which 
49.5% present some form of erosion, whether severe, 
moderate, or light. In 9,705,150 of these hectares 
(8.52%), the soil situation is serious, perhaps difficult to 
recover, according to data outlined in Table 6-2 
(IGAC 1987, cited by Cobo 1998).
Howeler (1986) indicates that, according to a 
United Nations study, Colombia is losing every year 
426 million tons of soil, which corresponds to 3.7 t/ha 
of national territory. One example is in the upper Cauca 
where, according to Suárez (1984, cited by Cadavid L 
1987, 1988, 1990), of the 2,200,000 ha under CVC 
jurisdiction, 800,000 present problems of erosion and, 
of these, 100,000 suffer severe to very severe erosion 
(Table 6-3).
We point out that, in this country, a high 
percentage of cassava is planted in hillside areas, on 
slopes of more than 15%, in soils of low fertility, and 
under poor management. Such cases include the 
region of Mondomo, Pescador, and San Antonio in 
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Table 6-1. Chemical and physical characteristics of the soils where cassava is planted in Colombia.
 Site Department pH OM Al Na Ca Mg K Al Na  P S Zn B Mn EC  Bouyoucos BD
  1:1 (%)       sat. sat.      (mmhos/ texture
b
  (g/cm3)
       (meq/100 g)   (%) (%)   (ppm)   cm)
a
  
 Nus Antioquia 5.1  4.0 0.70 — 1.60 0.70 0.10 22.6 — 7.0 — 2.00 0.10 — — SCL 1.40
 Luruaco Atlántico 7.5  2.7 — 0.39 22.10 10.10 0.45 — 1.18 42.5 — — — — — C 1.50 
 Malambo Atlántico 6.2  0.6 — 0.17 1.67 1.00 0.06 — 5.86 4.2 — — — — — S —
 Caloto Cauca 5.7 10.4 — — 21.40 12.00 0.20 — — 3.0 — — — — — C —
 S. de Quilichao  Cauca 4.3  8.1 2.73 — 1.95 0.82 0.22 47.7 — 10.5 — 2.40 0.46 — — C 1.00
 Paz de Ariporo Casanare 4.7  0.9 1.40 0.10 0.18 0.06 0.10 76.1 5.43 3.5 — 0.26 —  0.86 0.07 SL 1.50
 Paz de Ariporo Casanare 4.5  2.2 2.00 0.11 0.10 0.06 0.16 82.3 4.53 2.0 — 0.27 —  3.09 0.10 SL 1.50
 Yopal Casanare 4.5  1.9 3.70 0.10 1.40 0.90 0.20 58.7 1.58 97.0   1.5 4.90 0.10 — — L —
 Ayapel Córdoba 4.8  2.8 2.20 — 0.30 0.20 0.05 80.0 — 3.0 — 1.00 0.20 — — SC 1.30
 Ricaurte Cundinamarca 7.5  2.2 — 0.16 26.55 3.00 0.48 — 0.53 215.0 — — — — — SiCL 1.50
 Armenia Quindío 5.8  1.6 0.15 0.22 4.63 0.86 0.49  2.4 3.46 21.0   7.0 5.80 0.04  0.18 — SL 1.40
 Barragán Quindío 5.6  2.9 0.18 0.10 4.50 1.40 0.45  2.7 1.50 36.0   9.0 16.00 0.01 — — SiL 1.20
 Montenegro Quindío 5.5  2.1 0.08 0.28 3.17 0.86 0.83  1.5 5.36 30.0   8.0 7.00 0.10  0.25 — SL 1.43
 Villavicencio Meta 4.7  4.6 2.86 — 0.49 0.17 0.13 78.4 — 11.8 — 0.30 — — — C 1.30
 La Tebaida Quindío 6.0  1.1 — 0.09 5.10 2.36 0.59 — 1.11 9.0      0 7.70 0.01  0.41 — SL 1.40
 Montenegro Quindío 5.5  0.7 0.12 0.09 4.45 1.11 0.74  1.8 1.38 26.0   3.0 0.30 0.01  0.50 — SL 1.40
 Candelaria Valle 6.9  1.4 — 0.46 11.30 4.62 0.39 — 2.74 83.0 — — — — — SCL 1.35
 El Zulia Norte de Santander 6.3  2.9 — — 0.77 1.70 0.60 — — 108.0 — 2.60 — — — SC —
 El Zulia Norte de Santander 6.9  2.7 — — 4.20 1.40 0.32 — — 15.0 — 4.50 — — — SCL 1.50
 San Cayetano Norte de Santander  5.2  1.9 0.20 — 1.30 0.60 0.14  8.9 — 2.0 — 14.80 — — — SC —
 LQ1 CIAT Valle 6.8  2.8 — 0.17 14.90 7.32 0.36 — 0.74 41.5  15.0 3.70 0.56 — — SiC 1.49
 LN3 CIAT Valle 6.9  6.1 — 0.17 9.21 7.60 0.85 — 0.95 79.0  35.5 — 0.62 — — CL 1.60
 Jamundí Valle 4.7  6.0 1.59 — 3.24 0.71 0.39 26.8 — 6.3 127.4 3.20 0.49 — — C 1.10
 B/bermeja Santander 4.8  2.4 1.47 — 1.25 0.37 0.06 16.7 — 2.8 — 0.40 0.20  2.60 — SCL 1.34
 El Zulia Norte de Santander 6.1  1.0 — 0.08 2.50 0.42 0.13 — 2.56 5.0   5.0 2.10 0.32 27.30 — CL 1.35
 LP3 CIAT Valle 7.2  2.2 — 0.26 12.62 8.36 0.77 — 1.18 53.5  0.33 4.83 0.78  0.69 — SiC 1.60
 Jamundí Valle 5.0  6.0 0.26 — 5.86 1.47 0.72  3.1 — 5.3  95.5 3.28 0.54 — — C 1.10
 Buga Valle 6.3  1.4 — 0.22 8.33 5.56 0.11 — 1.55 40.2  42.0 4.08 0.35 — — CL 1.58
 Caicedonia Valle 5.5  2.6 0.21 — 5.42 0.74 0.38  3.1 — 49.8  46.2 9.47 0.39 — — SCL 1.35
 Ortega Tolima 7.4  1.4 — 0.23 19.90 4.10 0.56 — 0.93 44.9 — 0.70 —  52.6 — SL 1.50
 Purificación Tolima 6.8  0.5 — 0.17 11.30 3.90 0.42 — 1.08 40.9 — 2.30 —  37.3 — SL 1.50
 Agua Azul Casanare 5.5  0.8 0.09 1.09 3.76 1.21 0.46  1.4 16.5 47.0  15.0 6.60 0.03  41.0 0.42 SL —
 Sardinata Norte de Santander 5.1  1.8 0.40 — 0.90 0.40 0.08 22.5 — 18.0 — 0.10 —  36.2 — CL 1.35
 Espinal Tolima 6.0  0.3 — 0.33 4.50 1.10 0.17 — 5.40 23.3 — — — — — SL 1.40
 Mondomo Cauca 4.5  7.2 5.70 — 0.79 0.30 0.23 73.0 — 1.76 — — — — — C 0.87
 Pescador Cauca 4.6  8.5 3.10 — 0.47 0.15 0.11 81.0 — 1.20 — — — — — C —
 Santo Tomás Atlántico 5.8  1.5 — — 1.43 0.41 0.11 — — 3.10 — — — — — S 1.48
 Media Luna Magdalena 6.1  0.2 — — 0.87 0.28 0.05 — — 8.3 — — — — — S 1.50
a. EC = electrical conductivity. 
b. C = clay, CL = clay loam, L = loam, S = sandy, SC = sandy clay, SCL = sandy clay loam, SiCL = silty clay loam, SiC = silty clay, SiL = silt loam, SL = sandy loam.
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Table 6-3.  Degrees of erosion according to the universal soil 
loss equation (USLE).
 Loss (t/ha per year) Degree 
 10 1 very light
 10 to 20 2 light
 20 to 100 3 moderate
 100 to 300 4 severe
 300 5 very severe
  0 irreversible damage
SOURCE: Curiel (1986, cited by Cadavid L 1987). 
 S (<8 ppm)
 Ca and Mg (<0.25 and <0.12 meq/100 g)
 OM as % (<2%)
 acid pH 
 P (<10 ppm)
 K (<0.15 meq/100 g)
 Na saturation as % (>3%)
 Zn (<1 ppm)
 B (<0.15 ppm)
Figure 6-1. Nutritional problems of the cassava crop in Colombia, by region. 
Table 6-2.  Erosion records, Colombia.
 Intensity Current intensity of erosion 
  in Colombia
  Affected area Proportion of country’s
   (ha) surface area (%)
 Very severe 829,575 0.73
 Severe 8,875,575 7.79
 Moderate 14,706,795 12.90
 Light 26,337,546 23.11
 Very light 5,675,950 4.96
 No erosion 55,508,310 48.53
 Other areasa 2,259,049 1.98
 Total 114,174,800
a. They correspond to marshes, swamps, rivers, and urban areas.
SOURCE: Cobo (1998).
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northern Cauca; hillside areas of northern Valle del 
Cauca; and many areas of Quindío, Risaralda, 
Tolima, and Norte de Santander. Cassava is planted 
under the current production system of monoculture, 
with two or more continuous plantings and no 
agronomic management practices. 
Except for the soils of Quindío, Risaralda, and 
Norte de Santander, many of these regions present 
soils with very low contents of P, K, Ca, Mg, and Zn  
(Table 6-1), particularly presenting deficiencies of P 
and K. Hence, yields are less than 10 t/ha  
(Figure 6-2; Cadavid L 1997). These demonstrate 
how the state of soil erosion determine yield and that 
applying only P cannot re-establish soil productivity 
lost through this cause (Howeler 1984).
Because of inadequate practices of both soil and 
cassava crop management in a soil classified as 
Inceptisol (Typic Dystrandept; an Andosol in the 
recent classification) in Mondomo, Cauca, Colombia, 
about 100 t/ha of dry soil were lost from a planting of 
cassava that alternated with cowpea (Vigna sinensis) 
after 10 months (Figure 6-3; Howeler 1984;  
Cadavid L 1990). Also in the same soil, when  
cassava was planted in monoculture and without 
agronomic management practices, about 40 t/ha  
of dry soil were lost in a cycle of 10 months  
(Figure 6-3). 
Table 6-4 indicates soil loss, according to 
management, in a field at Agua Blanca, Mondomo, 
Figure 6-3.  Effect of several cassava planting systems on soil  
loss through erosion over 10 months, Mondomito, 
Cauca, Colombia.
 SOURCE:  Howeler and Cadavid L (1982).
Planting system Dry soil loss 
 (t/ha)
6060 240
Double furrows of cassava with four of cowpea 105
80
Cassava intercropped with cowpea 50
80
Conventional preparation, using oxen 43
80
Cassava on ridges 40
60 140 60 140 60
Double furrows of cassava intercropped with a grass 17
80 cm
Cassava with maize mulch 11
Figure 6-2. Effect of applying P on the production of cassava 
cv. CMC 92 in eroded and non-eroded soils, 
Mondomito, Cauca, Colombia.
 SOURCE: Howeler and Cadavid L (1984, cited by  
 Cadavid L 1997).
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Cauca, Colombia, planted with cassava (cvs CMC 92, 
Batata, and Regional Amarilla) in a 14-month cycle. As 
observed, soil losses are high as soil preparation tasks 
intensify and increase even more when fertilizers are 
not applied.
Because of these and other inadequate practices 
of soil use and management, the Mondomo Region 
and other similar areas of the national territory show 
symptoms of hydric erosion, chemical degradation 
(high extraction by crop and runoff), and severe 
biological degradation (Figure 6-4).
Research on these alarming results has 
demonstrated that the formation of 1 cm of soil from 
sandy material requires 200 to 400 years, or 3000 to 
12,000 years are needed to develop a deep soil, 
suitable for cultivation (Ortiz 1986). However, 
Table 6-4.  Cassava yield and total quantity of eroded soil after receiving various soil conservation practices, Agua Blanca, Cauca, 
Colombia. 
 Treatment Cassava yield Dry soil erosion
   (t/ha)a   (t/ha)b 
 1. Preparation with oxen; applications of lime, no fertilizer, planting at 80 × 80 cm  6.9 35.9 
 2. Preparation with oxen; applications of lime and fertilizer, planting at 80 × 80 cm 13.6 22.9
 3. Preparation with oxen; applications of lime, fertilizer, and maize mulch; planting at 80 × 80 cm 15.9 15.1 
 4. Preparation with hoe, strips 1 m wide with double furrows; 1 m no preparation 15.6 14.1
 5. Preparation with oxen; double furrows; cassava alternating with 1 m of imperial grass 15.8 19.8
 6. Preparation with oxen; double furrows; cassava alternating with 1 m of Brachiaria grass  13.3  9.8 
 7. No preparation; planting with a barretón (long-handled digging stick) at 80 × 80 cm; 
  applications of lime and fertilizer  17.6  9.8
a. Average of three varieties: CMC 92, Batata, and Regional Amarilla. 
b.  Loss over 14 months between planting and harvesting the cassava crop.
SOURCE: Howeler (1984).
paradoxically, within a period of no more than  
10 years, land with steep slopes and no conservation 
practices to protect it from erosion, will lose a layer of 
up to 1 cm thick (Torres 1981). 
Productive Management of Soils under 
Cassava Cultivation
Despite the constraints mentioned above, viable 
alternatives exist for recovering, conserving, and 
increasing the fertility and productivity of soils under 
cassava cultivation. Increases can be made in terms of 
yield of tuberous roots, their improved quality, and 
planting materials of excellent vigor. 
Managing hillside soils
With the current management of hillside soils under 
cassava cultivation, farmers obtain very low yields and 
cause irreversible damage to the soil through high 
erosion rates. The recommendation is to intensify the 
crop, making it more profitable through increasing 
yield per hectare. This, in its turn, makes reducing the 
planting area and preparation systems feasible, thus 
leaving the steepest soils in fallow or under forest 
(Howeler 1984). 
The idea is to change the predominant scheme of 
migratory (slash-and-burn) or subsistence agriculture in 
many areas of the American tropics and arrive at a 
sustainable, more profitable, and competitive 
agriculture. Table 6-5 lists viable management 
alternatives for achieving this objective, as according to 
several research projects.
Preparing the soil. It is usually believed that, for a 
cassava crop to successfully germinate, grow, and 
Figure 6-4.  Severe erosion in the Mondomo Region, Cauca, 
Colombia. 
 SOURCE: Cadavid L (1987).
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Table 6-6.  Total loss of dry soil (t/ha) through erosion after removing eight species from that land during 1989–1993, Sri Racha, 
Thailand. The soil is a sandy loam and has a 7% slope.
  Cropping cycles  First period Second period Total 
  (no.) (28 months) (22 months) (50 months)
 Cassava for root production 4 168.5 a 142.8 a 311.3
 Cassava for leaf production 2 138.5 ab 68.8 b 207.3
 Maize 5 35.5 cd 28.5 d 64.0
 Sorghum 5 46.1 cd 42.9 c 89.0
 Groundnut 5 36.2 cd 37.6 cd 73.8
 Mung bean 6 55.3 cd 70.9 b 126.2
 Pineapplea 2 21.3 d 31.4 cd 52.7
 Sugarcaneb 2     94.0 bc — —
 F test  ** **  
 CV (%)  42.7 11.4
a. The second cycle is the ratoon crop. 
b. Only for a second period of 28 months.
SOURCE: Putthacharoen et al. (1998, cited by Howeler 2001).
Table 6-7. Nutrients found in sediments eroded from cassava plots that had received various treatments, Thailand and Colombia.
 Site and treatment Dry soil loss      Missing nutrients (kg/ha per year)
  
(t/ha per year)
 Na Pb Kb Mgb 
Cassava, 7% slope, Sri Racha, Thailandc 71.4 37.1 2.18 5.15 5.35
 Cassava, 5% slope, Pluak, Daeng, Thailandd 53.2 22.3 1.25 3.27 —
 Planted cassava, 7% to 13% slope, Quilichao, Colombiae   5.1 11.5 0.16 0.45 0.45
 Cassava with legume cover, Quilichao, Colombiae 10.6 24.0 0.24 0.97 0.81
 Cassava with grass barriers, Quilichao, Colombiae  2.7  5.8 0.06 0.22 0.24
 Cassava planted on a 12%–20% slope, Mondomo, Colombiae  5.2 13.3 1.09 0.45 0.36
 Cassava with a legume cover, Mondomo, Colombiae  2.7  6.5 0.04 0.24 0.20
 Cassava with grass barriers, Mondomo, Colombiae  1.5  3.5 0.02 0.13 0.10
a. N total. 
b. Available P and interchangeable K and Mg. 
SOURCE: As cited by Howeler (2001): (c) Putthacharoen et al. (1998); (d) Tongglum et al. (2000); (e) Ruppenthal et al. (1997). 
develop, indiscriminate use of agricultural machinery 
(plows, rakes, and rotovator) are needed to break up 
the ground, leaving it as loose as possible for planting. 
However, this results in negative consequences, not 
only for soil structure by increasing aggregation and 
compaction, but it also leads to later soil loss through 
erosion (Cadavid L 1987).
In soils with slopes of more than 10%, a team of 
oxen is normally used, together with a plow. However, 
by planting cassava and being ignorant of adequate 
management techniques, farmers place pressure on 
these lands, causing severe damage to soil structure 
and loss of organic matter and nutrients through hydric 
erosion (Tables 6-6, 6-7, and 6-8).
Table 6-5. Practices for improving the management of hillside soils and increasing cassava yields.
 1. Improve planting materials through selection and treatment of cassava stakes.
 2. Reduce planting area by using improved farming techniques and reducing planting on steep slopes. 
 3. Reduce land preparation (zero and minimum tilling). 
 4. Prepare the soil and plant seed according to contour lines.
 5. Use suitable fertilizer applications.
 6. Plant strips of live barriers.
 7. Cover soil with mulches of sugarcane, maize, or weeds themselves.
 8. Plant green manures and incorporate them.
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If the intensity of tilling is reduced, soil loss 
through erosion can be diminished without 
significantly affecting cassava production. Moreover, by 
following contour intervals, unprepared strips can be 
left and only the planting site is prepared or left without 
tilling (Tables 6-9 and 6-10; Figure 6-5; Howeler and 
Cadavid 1982; Howeler 1984; Cadavid L 1987, 1990, 
1995). 
Zero and minimal tilling are systems in which soil 
losses through erosion are minimized, diminishing from 
50–100 t/ha of dry soil to less than 10 t/ha (Figure 6-3). 
Costs are less and implementation is directly related to 
the soil structure; degree and class of plant cover 
(organic matter content is an important factor); prior soil 
management (e.g., quantity of chemical fertilizers and 
dung applied in previous plantings); degree of erosion, 
Table 6-8.  Effect of two contrasting management treatments (T
1
 and T
2
)a of soil and crop on both runoff and soil loss through erosion 
such as nutrients lost in runoff and on the sediments eroded over 2 years of cropping cassava on a 7%–13% slope in 
Santander de Quilichao and on a 13%–20% slope in Mondomo, both sites in Colombia, cropping years 1987/88 and 1988/89. 
 
 Variable or element Santander de Quilichao   Mondomo
      1987/88      1988/89       1987/88      1988/89
  T
1
 T
2
 T
1
 T
2
 T
1
 T
2
 T
1
 T
2
 Runoff (m3/ha)   950 1750  1400  2420    340  1470   540  1000
 Nutrients lost through runoff (kg/ha)
  Total P 0.16 0.33 0.22 0.47 0.08 0.39 0.13 0.26
  Total K 1.49 2.79 1.58 3.08 0.61 3.26 1.47 3.96
  Total Ca 2.67 3.50 2.96 5.45 1.29 5.11 2.88 7.56
  Total Mg 0.43 0.58 0.30 0.75 0.14 1.22 0.20 1.01
 Nutrients lost through 3.00 30.40 5.10 68.00 1.50 33.80 2.60 12.60
 Dry soil loss (t/ha) eroded sediments (kg/ha)       
  Interchangeable P 0.08 0.41 0.07 1.12 0.01 0.44 0.03 0.18
  Interchangeable K 0.34 2.73 0.42 5.05 0.17 3.04 0.27 1.11
  Interchangeable Ca 4.08 32.83 6.94 73.44 2.58 31.10 4.47 11.59
  Interchangeable Mg 0.25 2.92 0.33 7.08 0.10 3.00 0.19 0.61
a. T
1
 = cassava planted according to contour lines; T
2
 = cassava planted in rows following the slope.
SOURCE: Adapted from Reining (1992, cited by Howeler 2001). 
Table 6-9.  Cassava yield and total quantity of eroded soil after applying various soil conservation practices, San Emigdio, Valle, 
Colombia.
 Treatment Cassava yield Dry soil erosion
    (t/ha)a  (t/ha)b
 1. Preparation of the entire land with a pick; fertilizer application; planting cassava at 80 × 80 cm  24.1 3.2
 2.  Preparation of 5-m-wide strips with a pick; planting cassava at 80 × 80 cm; alternating with 20.1 2.0 
  unprepared strips with 1-m width  
 3. Preparation with a pick; fertilizer application; planting of two furrows of cassava, alternating with  9.7 2.6 
  1 furrow of Brachiaria humidicola   
 4.  Preparation with a pick; applications of fertilizer and maize mulch; planting at 80 × 80 cm  18.7 0.3
 5.  Preparation with a pick; 1-m-wide strips with double furrows of cassava, alternating with 30.5 2.2 
  unprepared strips with 1-m width  
 6.  No preparation; fertilizer application; planting with a barretón (digging stick) at 80 × 80 cm 21.6 1.9 
 7. Preparation; little fertilizer application; planting with two furrows of cassava, alternating with 18.9 1.7 
  1 furrow of imperial grass  
 8.  No preparation; no fertilizer application; planting with a barretón at 80 × 80 cm   6.5 2.4
a. Average of two varieties. 
b. Loss over 13 months between planting and harvesting the cassava crop.
SOURCE: García (1984, cited by Howeler 1986).
145
Conservation of Soil under Cassava Cultivation
soil group or class, and the soil’s natural and potential 
fertility; type and amount of weeds; and the variety to 
be planted (Howeler 1984; Cadavid L 1987, 1990). 
Live barriers. The live barriers are strips or rows 
of permanent plants, of dense growth, and planted 
across the slope. The objective of these is to reduce 
the velocity of runoff, thus preventing soil drag and 
consequent loss of nutrients. 
This method aims to reduce the prepared area by 
50%. One example is the case of cassava strips planted 
two furrows to one of native grass without soil 
preparation. The whole area can be prepared and 
intercropped with strips of grasses or legumes, 1 or  
2 m wide, and alternating with strips of cassava planted 
on double furrow according to contour lines and across 
the slope. 
Figures 6-6, 6-7, 6-8, 6-9, and 6-10 outline 
research results on the effect of live barriers on cassava 
production of the crop and on soil loss through erosion 
in the Mondomo Region, Cauca, Colombia (soils 
Table 6-10. Effect of soil management on cassava yield and on soil loss through erosion on a plot with a 30% slope, Mondomito Region, 
Cauca, Colombia, 1985/86.
 Management systems Dry soil loss Yield of cultivar (t/ha)b 
  (t/ha)a
   1 2 3 X
 Oxen (one pass), no fertilizer 6.0 17.0 12.4 21.2 16.9
 Oxen (one pass), with fertilizer 3.4 9.3 27.8 27.3 21.5
 Strips, alternating with unprepared strips, with fertilizer 1.2 7.1 4.8 17.2 9.7
 No preparation, with fertilizer 2.1 27.5 20.5 29.4 25.8
 Oxen, with fertilizer, imperial grass barrier 3.5 20.4 14.4 24.1 19.6
 Strip of cassava, with fertilizer, alternating with beans 2.3 18.6 19.0 11.3 16.3
a. 13 months after planting. 
b. 1 = Regional Amarilla; 2 = Selección 40; 3 = CMC 92 (Algodona). 
SOURCE: Cadavid L (1987).
_
Figure 6-5.  Effect of tilling method and fertilizer application 
on the yield of two cassava cultivars and soil loss 
in an Inceptisol with a 45% slope, Agua Blanca, 
Mondomo, Cauca, Colombia, 1982/83.
 SOURCE: Adapted from Cadavid L (1990).
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Figure 6-6.  Effect of preparation method with weeding and 
fertilizer application on the yield of two cassava 
cultivars and on soil loss through erosion with a 40% 
slope. Tres Quebradas, Mondomo, Cauca, Colombia, 
1985/86. 
 SOURCE: Cadavid L (1990).
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2. Ox, fertilizer, hoe  fertilizer 
3. Ox, fertilizer, machete + 6. No preparation, fertilizer  
 herbicide    = Eroded soil 
4. Planting-hole method,      
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Figure 6-8.  Effect of live barriers on the yield of two cassava 
cultivars and soil loss from an Inceptisol with a 45% 
slope, Agua Blanca, Mondomo, Cauca, Colombia, 
1982/83.
 SOURCE: Adapted from Cadavid L (1990).
Soil management
Regional Amarilla Batata
1. Strip, hoe + native grass 
2. Ox, strip of imperial grass 
3. Ox, strip of Brachiaria humidicola
      = Eroded soil
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Figure 6-7.  Effects of different agronomic practices on the yield 
of two cassava cultivars and dry soil loss with a 30% 
slope, Mondomito, Mondomo, Cauca, Colombia, 
1985/86.
 SOURCE: Cadavid L (1987, cited by Cadavid L   
 1990).
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Selección 40 CMC 92
Soil management
1. Ox (1 pass), no fertilizer 5. Ox (1 pass), fertilizer,
2. Ox (1 pass), fertilizer  imperial grass barrier 
3. Ox (1-m strips), fertilizer 6. Ox (1 pass), fertilizer,
4. No preparation, fertilizer   cassava + beans
      = Eroded soil
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Figure 6-9.  Effect of live barriers and associated crops on 
the yield of two cassava cultivars and on soil loss 
through erosion with a 40% slope, Tres Quebradas, 
Mondomo, Cauca, Colombia, 1985/86.
 SOURCE: Cadavid L (1990).
Soil management
Regional Amarilla CMC 92
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0
1. 1-m strips of native grass   
2. Ox, barrier of imperial grass 
3. Ox, barrier of king grass   
4. Ox, strips of cassava and beans 
       = Eroded soil 
Figure 6-10.  Cassava alternating with strips of Brachiaria 
humidicola, Mondomo Region, Cauca, Colombia.
 SOURCE: Cadavid L (1987).
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classified as Inceptisols). As can be observed, this 
management alternative is adequate and does not 
prejudice crop yield. What is most important is the 
management of the companion row or strip.
Imperial (Axonopus scoparius) and brachiaria 
(B. decumbens and B. humidicola) are grasses that, 
although they compete for light, are acceptable 
barriers—the yield of intercropped cassava is 
acceptable—compared with king grass (Saccharum 
sinense), which causes drastic decline in production. 
Cassava strips alternating with strips of native 
grasses (Pennisetum sp., P. purpureum, and Paspalum 
notatum) provide an intermediate alternative, although 
the grasses’ aggressiveness and competitiveness need 
controlling. Other recommendable live barriers plants 
are vetiver (Vetiveria zizanioides), lemon grass 
(Cymbopogon citratus), and citronella grass 
(C. winterianus) (Ruppenthal 1995) (Table 6-11).
Fertilization effect. Without a doubt, this 
agronomic management practice has the most impact 
on a soil’s fertility and productivity and on cassava 
yields. Howeler (1986, 2001) and Cadavid L (1987, 
1997) indicate that applying fertilizers to this crop not 
only increases yield, but it also produces more 
vigorous plants that also possess greater leaf area. 
Hence, soil is protected against the impact of rain 
drops and risk of erosion is reduced (Table 5-19;  
Figure 5-11). This theme was amply dealt with in  
Chapter 5, this volume. 
Mulch effect. Howeler (1984, 1986) and Cadavid L 
(1987, 1990, 1997) report that the protection of soil 
against the impact of rain is also obtained by applying 
mulch, that is, plant residues such as maize stubble, 
grass, beans, rice straw, and banana leaves. 
Over time, mulch benefits both soil and crop, 
providing nutrients, increasing soil moisture, decreasing 
soil temperature, increasing macrofaunal activity (e.g., 
earthworms), and improving the water infiltration rate 
(Tables 6-9 and 6-12; Figure 6-5). 
Table 6-12. Effect of mulches of several grasses and legumes 
on the yields of maize, soybean, cowpea, and 
cassava in an Alfisol, Nigeria.
 Mulch Yield (t/ha)  
  Maize Soybean Cowpea Cassava
 Check, no mulch 2.1 0.51 0.43 8.0
 Panicum maximum 1.7 0.50 0.62 3.5
 Brachiaria ruziziensis 3.8 1.14 1.04 17.4
 Melinis minutiflora 3.4 0.77 0.87 1.8
 Centrosema pubescens 3.7 0.75 0.76 15.0
 Pueraria phaseoloides 3.4 0.80 0.79 19.5
 Stylosanthes guianensis 3.1 0.91 0.67 19.8
SOURCE:  Lal et al. (1981, cited by Howeler 1986).
Table 6-11.  Fresh-root yield of some cassava cropping systems in Santander de Quilichao and Mondomo for the first 4 to 5 years of the 
experiment1. 
 Cropping system Yield (t/ha) in:
  Quilichao2 in period: Mondomo2 in period: 
  1987/893 1989/904 1990/91 1991/92 1988/895 1990/91 1991/92
 Monoculture
  Following contour lines 30.7 a 28.4 35.6 a 23.3 a 15.3 a   15.4 abc 13.4 a
  In furrows on slope 28.3 a — — — 15.4 a — — 
  On flat land 31.9 a 28.5 35.7 a  22.7 ab 19.7 a 18.4 13.5 a 
  Minimum tillage   7.7 c — — — 15.7 a — — 
 With mulches — 30.9 — — — — — 
 With grass barriers
  Cassava + V. zizanioides — —  28.6 a6 23.5 a — 12.4 bc 12.2 a 
  Cassava + P. purpureum   30.2 a7 24.4 23.6 a   16.2 ab 18.2 a   12.8 abc 11.0 a 
1. Values with the same letters in a column are not significantly different. 
2. In cropping periods 1990/91 and 1991/92, cassava was harvested at 11 months in Quilichao and at 8 and 9 months in Mondomo. 
3. Average of two cropping periods, planting cassava variety CM 523-07; data from Reining (1992, cited by Ruppenthal 1995).
4. Data from LF Cadavid L, CIAT researcher, Santander de Quilichao, Colombia, The cassava variety was CM 507-37.
5. Cassava variety M Col 1522 (Algodona); data from Reining (1992, cited by Ruppenthal 1995).
6. 10-month-old cassava. 
7. Only in the first 2 years; Paspalum notatum was planted as a grass barrier, following contour lines. 
SOURCE: Ruppenthal (1995).
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According to Cadavid L (1990; 1997), mulch is a 
system that can have mixed results. It may lead to 
excellent cassava yields and reduce risks of erosion 
(from 60% to 70%). However, it can have two serious 
drawbacks: (1) if mulch is not handled properly, yields 
are low; and (2) if it is not available on the farm (e.g., as 
residues of maize, beans, or the weeds themselves 
such as brachiaria or guinea grass), it is costly to 
transport.
Managing soils in flat lands
 Soil preparation and mulches. Hulugalle et al. 
1987 (cited by Cadavid L et al. 1993) indicate that 
literature on the optimal tilling system for the cassava 
crop is scarce, as few studies have been conducted on 
this topic. 
According to Cadavid L et al. (1993), a high 
percentage of tropical soils present low fertility and are 
characterized by being very acid with low contents of N, 
P, K, Ca, and Mg. Furthermore, soils may have 
undesirable physical conditions such as poor drainage, 
low capacity for water retention, high soil temperatures, 
and fast infiltration rate. To these adverse factors are 
added nutrient loss through runoff and leaching by 
hydric and wind erosion, and high compaction caused 
by poor soil management, as already commented 
above. 
Little research has been conducted on the optimal 
tilling system for cassava. However, some experiences 
with different soil classes in Africa and other tropical 
regions have been reported in the last 13 years and 
may serve as an example of the different soils in which 
cassava is planted in Colombia. 
In a study carried out on a clayey and highly 
weathered soil (Typic Paleudult) in southeastern 
Nigeria, the cassava crop was affected by tilling and 
time (Gnahoua and Kabrah 1988). In the first planting 
year, conventional tilling (subsoiling–raking–plowing) 
increased yield by 10 t/ha, that is, 28.6 t/ha versus  
18.6 t/ha for zero tilling. 
We point out that, in the same study, the authors 
indicated that after 4 consecutive years, the positive 
effects of conventional tilling disappeared and, as a 
result, yield declined from 28.6 to 16.8 t/ha, while 
under zero tilling, yield remained constant at about  
18 t/ha. 
In an acid and low fertility Ultisol (Typic Paleudult) 
of Nigeria, Hulugalle et al. (1990, cited by Cadavid L et 
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Figure 6-11.  Nutrient recycling (fallen leaves and petioles) in 
cassava plants (cv. CM 523-7) at 10 months after 
planting and treatment with fertilizer applications, 
Santander de Quilichao, Cauca, Colombia.
 SOURCE: Cadavid L (1988).
al. 1995) studied the effect of tilling and cover on soil 
properties and cassava yield over 5 consecutive years. 
They found that the interchangeable levels of K, Ca, 
and Mg were higher with cover; and that yield 
increased with applications of mulch, but not with 
tilling. 
As cited by Cadavid L et al. (1993), Hulugalle et al. 
(1985) and Wade and Sánchez (1982) suggested that, 
in tropical Ultisols and without chemical fertilizer 
applications, crop yields may increase when tilling is 
combined with mulch applications, permitting 
increased absorption of nutrients, especially K. They 
may also minimize soil crusting, reduce soil 
temperature, and improve water infiltration, thereby 
protecting the soil more. 
According to the Food and Agriculture 
Organization of the United Nations (FAO)2, in a sandy 
soil classified as a Cambic Arenosol, and planted for  
8 consecutive years with cassava in Media Luna, 
Magdalena, Colombia, the use of mulch, together with 
the preparation method, had a beneficial effect, being 
highly significant for soil fertility and productivity and 
cassava yield (Cadavid L et al. 1993, 1995, 1998, 
Tables 5–23; Figures 6-11 and 6-12; Tables 6-13 to 
6-15).
Green manures effect. Green manures are crops, 
usually legumes, that are planted and, before flowering, 
incorporated into the soil to improve it chemically and 
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2. For an explanation of this and other acronyms and abbreviations, 
see Appendix 1: Acronyms, Abbreviations, and Technical 
Terminology, this volume.
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Table 6-13.   Effect of tilling, mulching, and chemical fertilizer application on the chemical characteristics of a sandy soil over 6 years, Pivijay, Magdalena, Colombia.
 Management With 330 kg/ha at 15–15–15 No chemical fertilizers Time 
  OM pH P (ppm) Ca Mg K OM pH P (ppm) Ca Mg K  
  (%) (1:1) Bray II  
(meq/100 g soil)
  (%) (1:1) Bray II  
(meq/100 g soil)
 Soil before managementa — — — — — — 0.18 6.10 8.38 0.87 0.28 0.05 1988/89
 Conventional management 1.20 5.40 18.88 0.34 0.08 0.05 1.10 5.35 8.25 0.34 0.07 0.04 1993/94
 Conventional management + mulch 1.33 6.25 23.43 0.79 0.38 0.13 1.45 6.50 13.65 0.86 0.49 0.17 
 Zero tilling management  1.05 5.53 17.30 0.36 0.08 0.05 1.08 5.30 9.43 0.36 0.07 0.04 
 Zero tilling management + mulch 1.48 6.28 27.03 0.77 0.45 0.16 1.45 6.43 14.50 0.80 0.46 0.16
a.  Previous crops: cassava, maize, and sesame.
SOURCE: Cadavid L et al. (1995). 
Table 6-14. Response, on average, of the aerial biomass, yield, and dry matter content of cassava (over 8 years of trials) and of total HCN content of roots (over 5 years of trials) to the 
following cultivation practices: mulching with plant residues, fertilizer applications, and tilling in sandy soils of northern Colombia. On-farm trials were initiated in 1988/89 in 
Media Luna, Magdalena, Colombia.  
 Main treatment With fertilizer applicationa No fertilizer application 
  Root Aerial  Roots HCN in foliage  Root  Aerial  Roots HCN in foliage  
  yield biomass (DM, %)b and roots yield biomass (DM, %)b and roots  
  (dw, t/ha)b   (dw, t/ha)    (dw, mg/kg)  (dw, t/ha)b  (dw, t/ha)   (dw, mg/kg)
 Conventional tilling 5.51 3.18 30.2 158 2.19 1.43 30.1 227
 Conventional tilling + mulch 5.92 3.98 30.9 146 4.66 2.93 30.6 149
 No tilling 4.42 2.77 29.5 150 1.93 1.43 29.2 224
 No tilling + mulch 6.11 3.85 31.0 140 4.66 2.95 30.4 158
 Average 5.49 3.45 30.4 148 3.36 2.19 30.1 189
 LSD 5%, Duncan’sd  0.26 0.31   NSc  12
 LSD 5%, Duncan’se  0.77 0.68 0.88  18 0.35 0.49 0.77 0.32
a. Equal doses were applied per treatment of N, P, and K (50, 21, and 41 kg/ha, respectively) at 30 and 60 days after planting cassava. 
b. dw = dry weight; DM = dry matter. 
c. NS = not significant at a probability of 5%. 
d. Comparison of treatments of fertilizer applications. 
e.  Comparison of means of treatments of fertilizer application.
SOURCE:  Cadavid L et al. (1998).
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Table 6-15. Average response over 4 years (1993 to 1996) of nutrient contents of soil to cropping practices—mulching with plant residues, fertilizer application, and tilling—in sandy 
soils of northern Colombia. On-farm trials were initiated in 1988/89, in Media Luna, Magdalena, Colombia.
 Principal treatment With fertilizer applicationa No fertilizer application
  C P K  Ca     Mg Soil C    P     K  Ca Mg Soil 
  (mol/kg      pH (mol/kg      pH 
  of DS)b    (mmol/kg of DS)b    of DS)b   (mmol/kg of DS)b
 Conventional tilling 0. 54 0.56 0.49 1.85 0.46 4.99 0.50 0.22 0.37 1.78 0.43 4.91
 Conventional tilling + mulch 0.62 0.68 1.14 3.64 1.70 5.76 0.69 0.37 1.36 3.85 2.04 5.93
 No tilling 0.52 0.50 0.41 1.79 0.42 5.01 0.56 0.26 0.38 1.71 0.37 4.87
 No tilling + mulch 0.67 0.65 1.25 3.62 1.85 5.73 0.66 0.40 1.41 3.57 1.97 5.89
 Average 0.59 0.60 0.83 2.73 1.11 5.37 0.60 0.31 0.88 2.73 1.20 5.40
 LSD 5% Tukey’sd    NSc 0.04   NS   NS   NS   NS
 LSD 5% Tukey’se   0.14   NS 0.14 0.89 0.25 0.31 0.06 0.08 0.30 1.01 0.39 0.36
a. Equal doses were applied per treatment of N, P, and K (50, 21, and 41 kg/ha, respectively) at 30 and 60 days after planting cassava. 
b. DS = dry soil. 
c. NS = not significant at a probability of 5%. 
d. Comparing treatments of fertilizer application. 
e.  Comparing means of treatments of fertilizer application. 
SOURCE: Cadavid L et al. (1998).  
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physically (Prager and Angel, 1989). Some legumes 
perform better as green manures than others when 
incorporated, as they increase the amount of organic 
matter and assimilable nitrogen in the soil (Burbano 
1989).
Reading time
Figure 6-12. Soil temperature of a cassava crop (M Col 1505) 
in which the sandy soil was covered with mulch, 
North Coast Region, Colombia.  
  SOURCE: Cadavid L et al. (1998).
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According to Cadavid L (1995) and Howeler et al. 
(2000), several trials were established in Santander de 
Quilichao (Cauca) and Media Luna (Magdalena), 
Colombia, over several years. The highly significant 
results are indicated in Tables 6-16 to 6-21, which verify 
the beneficial effects of green manures on the cassava 
crop.
The use of green materials incorporated into soil is 
an excellent alternative for improving the physico-
chemical conditions of soils under cassava. For this 
purpose, the following materials should be selected: 
zornia, kudzu, centrosema, desmodium, guandul, 
groundnut, and indigofera (Table 6-16). Sesbania 
rostrata and Crotalaria juncea should also be selected, 
although dry weight increases with each of them. 
The possibility of establishing green manure banks 
should also be sought by planting small areas with 
materials that can resist several cuttings for this 
purpose. 
A trial was established in a soil of Santander de 
Quilichao, Cauca, Colombia, to prove the effect of 
cutting in several legumes and a forage grass, and 
observe their persistence through time and thus 
evaluate their qualities as green manures for the 
cassava crop (Table 6-21). The conclusions made from 
the trial are summarized as follows: 
1. Most of these materials adapt to soil acid 
conditions and were proven in several trials   
(already described) as green manures. 
2. The groundnut and cowpea do not permit 
several cuts, but one only, although, because 
of its high nutrient content, the groundnut is 
recommended as green manure.  
3. Most of these materials had medium to high 
concentrations of nutrients and their 
contribution of dry weight to the soil is good, 
as is their persistence, as they can resist 
several cuttings. Those that stood out include 
indigofera, kudzu, zornia, brachiaria, and the 
genera Stylosanthes, Codariocalyx,
Desmodium, and Styzolobium. 
The results of this study and the benefits reported 
for the cassava crop make this management practice 
recommendable. This technology should be validated 
to make better use of soil as a resource (Cadavid L 
1995; Howeler et al. 2000). 
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Table 6-16. Nutrient contents of eight legumes incorporated into an exhausted soil, Santander de Quilichao, Cauca, Colombia (corrected 
and adapted from Cadavid L 1987).
Legume  Concentration (%) Quantity (kg/ha) contributed to the soil of:d 
  N P K dw  TN FN AN P K 
     (t/ha)
 Styzolobium spp.a 2.16 0.24 1.10 2.0 43.2 28.0 15.2 4.8 22.0
 Zornia latifolia 728 1.65 0.22 0.78 0.6 9.9 8.4 1.5 1.3 4.7
 Centrosema pubescens 438 3.50 0.21 1.25 0.9 31.5 12.6 18.9 1.9 11.3
 Cajanus cajanb 1.48 0.20 0.55 2.0 29.5 28.0 1.6 4.0 11.0
 Groundnut cv. ICA Tatui 1.74 0.15 0.87 1.8 31.3 25.2 6.1 2.7 15.7
 Cowpea cv. TVX 1193-059 D 1.29 0.18 0.98 0.5 6.5 7.0 -0.5 0.9 4.9
 Indigofera hirsute 700 1.93 0.20 0.70 1.9 36.7 26.6 10.1 3.8 13.3
 Pueraria phaseoloidesc 2.27 0.37 1.60 1.0 22.7 14.0 8.7 3.7 16.0
a. Black velvetbean. 
b. Guandul. 
c. Kudzu. 
d.  dw = dry weight; TN = total nitrogen; FN = nitrogen fixed in humus (Torres 1981); AN = available nitrogen [TN minus FN, according to Torres 
(1981)]. 
SOURCE: Cadavid L (1995).
Table 6-17.  Effect of green manure on fresh-root yield (t/ha) of 
two cassava cultivars in an exhausted soil of 
Santander de Quilichao , Cauca, Colombia, during  
2 consecutive years (1983/84 and 1984/85).
 Treatment  Weight of roots (t/ha)
  M Col 1684 CM 91-3 
  1st cycle 2nd cycle 1st cycle 2nd cycle
 No green manure 16.9 13.6 16.5 10.3
 Velvetbean 19.9 19.0 18.4 17.0
 Zornia 24.1 22.3 23.7 14.2
 Centrosema 25.2 15.2 20.5 12.2
 Guandul 28.6 18.8 25.4 12.0
 Groundnut 29.4 24.6 29.6 15.6
 Cowpea 19.0 19.5 15.0 11.4
 Indigofera 25.7 12.7 27.6 9.5
 Kudzu 26.9 13.8 30.5 11.5
SOURCE: Cadavid L (1995). 
Table 6-18.  Dry weight (dw) and nutrient contents (kg/ha) of green manuresincorporated into an exhausted soil of Santander de 
Quilichao, Cauca, Colombiaa.
 Green manure dw Quantity (kg/ha) of nutrient contributed to the soil
 incorporated (t/ha) TN FN AN P K Ca Mg S
 Zornia latifolia 2.83 63.4 39.5 23.9 4.2 23.2 16.4 8.8 5.7
 Pueraria phaseoloides 2.68 84.4 37.5 46.9 5.6 36.7 18.5 8.3 5.6
 Arachis pintoi 1.30 30.4 18.2 12.2 2.2 11.3 21.8 8.5 3.1
 Macroptilium gracile 1.28 40.8 17.9 22.9 2.8 16.1 10.1 4.7 2.7
 Centrosema acutifolium 2.70 75.6 37.8 37.8 4.6 28.1 19.7 6.8 6.2
 Desmodium ovalifolium 3.00 50.4 42.0 8.4 4.2 22.5 18.9 8.4 5.4
 Paspalum sp. 3.50b 39.2 49.0 -9.8 4.9 21.7 16.1 3.9 3.2
a. Green manures planted on the same exhausted plot and left in the soil for 2 consecutive years before being incorporated. Cassava  
cv. CM 507-37 was then planted at 6 months. TN = total nitrogen; FN = nitrogen fixed in humus (Torres 1981); AN = nitrogen available to the 
plant. 
b.  Various cuts at the site. 
SOURCE: Cadavid L (1995).
Nutrient Recycling
The cassava plant extracts large amounts of N, K, and 
Ca from the soil, which indicates that, within the plant, 
large amounts of these nutrients are recycled 
throughout its growth cycle. According to CIAT, in a 
cropping cycle as long as cassava’s, the possibility 
exists that not only are nutrients recycled within the 
plant, but large amounts return to the soil and is then 
taken up again by the crop. The return is possible, 
partly through the fall of leaves and petioles during the 
growth cycle. On average, cassava begins to lose its 
leaves from the third month after planting and 
progressively does so until the development cycle ends, 
by which time the plant has lost more than 80% of its 
leaf area. Figure 6-11 indicates how chemical fertilizer 
application can exert a highly beneficial effect on the 
production of fallen leaves and petioles. 
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Table 6-19.  Dry matter (DM) production of various green manures (GM) and the effect of their incorporation on the soil and cassava yield (cv. M Col 1684). Cassava was cultivated with 
chemical fertilizer1 applications or without them, at the CIAT–Quilichao station, cropping years 1983/84 and 1984/85.
 Green manure treatment GM DM Fertility of soil in 19832 Fertility of soil in 19843 Fresh-root yield4 (t/ha)
   
(t/ha)
 pH OM P K  P            K                      1983/84          1984/85
     (%) (ppm) (meq/100 g) (ppm) (meq/100 g)  
          No fert.  With fertil. No fert.  With fertil.
 1.  No GM   — 4.1 5.5 3.8 0.10 3.6 0.08 16.9 c6 31.9 abcd 13.6 b 31.4 bcd 
 2. Cowpea 0.455 4.0 5.5 5.2 0.12 5.5 0.08 18.9 bc 26.5 cd 19.5 ab 32.2 abcd
 3. Groundnut 1.755 4.1 5.9 5.1 0.14 6.2 0.09 29.3 a 39.0 a 24.6 a 30.0 cd
 4. Guandul 1.95 4.1 6.0 4.6 0.13 6.6 0.07 28.6 33.8 abc 18.8 ab 38.9 a
 5. Velvetbean 1.95 4.1 5.6 5.5 0.12 5.8 0.08 19.9 bc 23.6 d 18.9 ab 31.9 abcd
 6. Zornia latifolia 0.55 4.1 5.6 5.2 0.12 5.1 0.07 24.1 abc 41.1 a 22.3 ab 28.6 d
 7. Centrosema pubescens 0.90 4.1 5.9 4.6 0.11 5.9 0.08 25.1 abc 36.7 ab 15.2 ab 40.0 a 
 8. Indigofera hirsuta 1.90 4.1 5.8 5.5 0.13 6.7 0.08 25.7 ab 29.7 bcd 12.6 b 34.8 abcd
 9.  Pueraria phaseoloides 1.00 4.1 5.6 7.7 0.15 5.4 0.08 26.9 ab 40.4 a 13.7 b 37.3 abc
 Average        23.9 b 33.6 a 17.7 b 33.9 a 
 F test:        Effect of fertil.    ** Effect of fertil. *
          Effect of GM       ** Effect of GM  NS
          Fertil. × GM       NS Fertil. × GM  **
1. Application: 500 kg/ha of fertilizer 10–30–10 (N–P
2
O
5
–K
2
O) in two cassava crops; DM = dry matter; OM = organic matter. 
2. Before planting the first cassava crop in 1983; average of treatments with fertilizer application and without it. 
3. Before planting a second cassava crop in 1984; average of treatments with fertilizer application and without it. 
4. Values in a row followed by the same letter are not significantly different according to Duncan’s Multiple Range Test at 5%; fertil. = fertilizer application. 
5. Residual effect of green manures planted in 1983 on cassava yield obtained in 1984/85. 
6. Additional yield: 520 kg/ha of groundnut and 420 kg/ha of guandul (measured as dry grain without pods). 
SOURCE: Howeler et al. (2000).
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Table 6-20.  Dry matter (DM) production of some native green manures and their effect as mulch (EM) on soil fertility, and on yield of cassava cv. M Ven 25 cultivated with fertilizer 
applicationa and without it in a sandy soil, Media Luna, North Coast Region, Colombia, 1984/85.
 Green manure DM of GM           EM (at time of planting cassava) on:                        EM (2 months after planting cassava) on:      Fresh-root yield (t/ha) 
 treatment (t/ha)
    pH OM P  Cations Macronutrients    Cations No  With 
      (%)  (ppm)   (meq/100 g S) (ppm)    (meq/100 g S) fertil. fertil.
       Ca Mg K NH
4
-N NO
3
-N P Ca Mg K          
 
1. No green manure — 5.2 0.70 6.4 0.43 0.11 0.04 3.5 1.5 5.7 0.40 0.10 0.03 19.5 34.3
 2. Native weeds 4.73 5.5 0.82 4.6 0.54 0.18 0.06 4.9 2.4 4.7 0.64 0.22 0.05 34.4 30.7
 3. Cowpea 2.93 5.3 0.77 5.9 0.52 0.16 0.07 3.1 1.7 5.6 0.48 0.15 0.04 27.6 32.5
 4. Groundnut 6.56 5.3 0.97 6.1 0.45 0.13 0.07 3.3 2.1 5.7 0.50 0.17 0.05 32.0 24.8
 5. Guandul 3.93 5.1 1.15 8.4 0.54 0.17 0.07 3.3 1.9 6.8 0.47 0.15 0.04 30.2 29.7
 6. Velvetbean 2.50 5.5 0.80 5.1 0.47 0.13 0.05 3.3 2.1 6.3 0.45 0.13 0.03 31.9 34.8
 7. Juncea crotalaria 1.71 5.3 0.85 5.7 0.46 0.13 0.06 3.4 1.7 4.8 0.50 0.15 0.04 24.6 32.6
 8. Canavalia ensiformis 3.29 5.0 0.85 8.0 0.56 0.17 0.09 4.6 2.6 7.3 0.71 0.20 0.06 34.0 32.9
 9. Indigofera hirsuta 6.00 5.2 0.82 6.1 0.49 0.14 0.06 3.3 2.5 5.4 0.46 0.14 0.04 30.9 34.8
 Average              29.4 32.3
a. Fertilizer application with 500 kg/ha of 15–15–15. 
SOURCE:  Howeler et al. (2000). 
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Table 6-21. Use of green manures for cassava in soils of Santander de Quilichao, Cauca, Colombia. 
 Green manure Leaf analysis (%)  dw (t/ha) per cut:a  Cumulative 
       dw (t/ha)
  N P K 1 2 3 4 
 Styzolobium spp. 2.16 0.24 1.10 4.9 3.1 1.3 NP 9.3
 Cajanus cajan 1.48 0.20 0.55 2.9 1.2 0.6 — 4.7
 Indigofera hirsuta 1.93 0.20 0.70 6.0 4.2 2.4 0.6 13.2
 Pueraria phaseoloides 2.27 0.37 1.60 4.0 2.8 1.8 2.1 10.7
 Zornia latifolia 1.65 0.22 0.78 4.0 4.4 2.5 0.4 11.3
 Stylosanthes guianensis 1.54 0.22 1.38 2.6 2.8 1.9 2.3 9.6
 Macroptilium glacile 1.62 0.27 0.83 0.9 2.7 1.1 0.4 5.1
 Codariocalyx gyroides 1.32 0.15 0.88 3.1 5.5 2.7 2.7 14.0
 Groundnut cv. ICA Tatui 1.74 0.15 0.87 1.0 2.4 2.7 NS 6.1
 Desmodium ovalifolium 1.32 0.17 0.60 3.7 6.4 3.6 5.9 19.6
 Cowpea cv. TVX 1193 059 1.29 0.18 0.98 0.3 2.3 2.6 NP 5.2
 Canavalia sp. 2.60 0.25 1.71 6.8 1.1 1.2 — 9.1
 Brachiaria humidicola 1.12 0.13 0.32 9.6 14.4 3.7 8.1 35.8
a. Cuts: 1 = 6 months after planting (MAP); 2 = 11 MAP; 3 = 14 MAP; 4 = 19 MAP; in cuts 1 and 2, planting was repeated three times;  
NP = green manure not planted. 
SOURCE: Cadavid L (1995).
Biomass production can be recycled this way, 
corresponding to about 8% and 9% of final yield (the 
entire plant) of the plants, with or without chemical 
fertilizer application, respectively. Figure 6-11 shows 
the allocation of the average nutrient contents in fallen 
leaves and petioles of cv. CM 523-7 in a soil at 
Quilichao, Cauca, during 10 months of growth. 
The nutrients that most contribute to these plant 
organs are Ca and N. Magnesium and K contribute 
intermediate contents, whereas the poorest 
contributions came from S and P (Figure 6-11). In 
itself, only the accumulation of nutrients in these two 
organs represents the recovery of a very high nutrient 
loss from the soil. It would be difficult to recover if no 
adequate maintenance fertilizer applications were to be 
made. 
It is clear, however, that, in the final harvest, no 
account is ever taken of the contribution of all the 
accumulated nutrients in fallen leaves and petioles 
during the development cycle, or in leaves and petioles 
contributed by the plant during harvest, which, on 
being returned to the soil, contribute nutrients to the 
soil and plant through recycling. 
Howeler and Cadavid L (1983) suggest that a good 
part of the N removed of the soil can be returned to 
the same soil by incorporating leaves and stems. CIAT 
(1981) states that considerable amounts of this nutrient 
are returned to the soil through leaves fallen during the 
cassava’s growing cycle. 
The use of mulch and the nutrients contributed are 
directly related to microbial activity, rapid 
decomposition over time, mineralization rate, nutrient 
losses to water activity, and other inherent soil factors.
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